This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Europaisches Patentamt 
(1 9) /TIJJ European Patent Office 

Office europeen des brevets (1 1 ) 

EUROPEAN PATENT APPLICATION 



EP 0 937 600 A2 



(12) 



(43) Date of publication: 

25.08.1999 Bulletin 1999/34 

(21) Application number: 99101070.3 

(22) Date ot filing: 25.01.1999 



(51) int. Cl. 6 : B60K 6/02, B62M 23/02 
II B60K6/04, B60K41/00 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


(72) Inventor: Masaki, Ryoso 

Hitachi-shi, Ibaraki 31 9-1 41 3 (JP) 


MC NL PT SE 

Designated Extension States: 
AL LT LV WIK RO SI 


(74) Representative: 
Beetz & Partner 
PatentanwStte 


(30) Priority: 19.02.1998 J P 3700598 


Steinsdorfstrasse 10 
80538 Munchen (DE) 


(71) Applicant: Hitachi, Ltd. 

Chiyoda-ku, Tokyo 1 01 -801 0 (JP) 





CM 
< 
O 

o 

<£> 

h- 
CO 
Oi 



Q_ 
LU 



(54) Hybrid transmission, vehicle and bicycle using the same 



(57) Disclosed herein is a transmission comprising 
a mechanism for distributing energy of a drive source 
(1) into a plurality of differential mechanisms (4.6); a 
plurality of motors (8.9) connected to said plurality of dif- 
ferential mechanisms (4.6). respectively; and a mecha- 



nism for synthesizing energies outputted from said 
plurality of differential mechanisms (4,6). The differen- 
tial mechanisms (4,6) incorporate planetary gearing. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a transmission including motors and differential mechanisms, and a vehicle 
and a bicycle using the same. 

[0002] A hybrid car utilizing a drive force of a motor has been known as a drive system aimed at reducing a fuel con- 
sumption of an engine. Various kinds of hybrid cars have been proposed, for example, a series hybrid type, a parallel 
hybrid type, and a series/parallel hybrid type using two motors and one planetary gear. Concretely, Japanese Patent 

10 Laid-open No. Hei 7-135701 discloses a method in which a drive force of an engine is inputted in a planetary gear and 
a vehicle is driven by a drive force obtained by an output shaft of the planetary gear, wherein the drive force is controlled 
by a generator. In this method, since part of the energy of the engine is used for generating electric energy by the gen- 
erator and the drive force of the engine is assisted by the motor connected to the output shaft, the engine can be usually 
driven in a high-efficiency/high-torque region and the vehicle can attain a transmission function. The same principle has 

15 been also disclosed in Japanese Patent Laid-open Nos. Sho 49-1 12067 and Sho 58-191364. This known method dis- 
closed in the above documents is hereinafter referred to as "a first method". 

[0003] As disclosed in Japanese Patent Laid-open No. Sho 60-95238, there has been proposed a method in which a 
drive force of an engine is transmitted to right and left drive wheels via planetary gears controlled by motors, respec- 
tively. This method is hereinafter referred to as "a second method". 

20 [0004] As disclosed in Japanese Patent Laid-open No. Sho 57-47054, there has been proposed a method in which a 
plurality of planetary gears are driven by motors respectively and a drive force is outputted from the selected one of the 
plurality of planetary gears, so that the optimum drive of the motors can be performed in accordance with the opera- 
tional point of the vehicle at all times. This method is hereinafter referred to as "a third method". 
[0005] As disclosed in "Alternative Cars in the 21st Century -A New Personal Transportation Paradigm-, Robert Q. 

25 Riley, Published by Society of Automotive Engineers, Inc., 400 Commonwealth Drive Warrendale. PA 15096-0001, 
U.S.A., p.149-P153", there has been proposed a transmission using a continuously variable transmission CVT in com- 
bination with a planetary gear, tn this method, since the vehicle can be stopped while the engine is rotated, without 
using of any clutch, by setting a speed varying ratio of the continuously variable transmission CVT at a specific value, 
it is possible to smoothly start the vehicle only by controlling the speed varying ratio of the continuously variable trans- 

30 mission CVT This method is hereinafter referred to as "a fourth method". 

[0006] The first method, however, has a problem. Since electric energy is generated by the generator and the vehicle 
is driven by the motor for realizing the transmission function, a loss in electric energy occurs. As a result, although the 
engine can be always driven at an operational point being good in efficiency, the efficiency of the entire vehicle is 
reduced correspondingly to the loss in electric energy. 

35 [0007] The second method, in which the planetary gears are provided for the right and left different output shafts, 
respectively, has a configuration obtained by extending the configuration of a usual parallel hybrid car to the right and 
left wheels. As a result, the second method requires the input/output of electric energy for realizing the speed varying 
operation, and therefore, this method has the same problem as described above. 

[0008] The third method has a configuration obtained by extending the configuration of the first method. As a result, 
40 this method has the same problem as described above in terms of the loss in electric energy. 

[0009] The fourth method has a problem that since the engine must be always rotated for driving the vehicle, there is 
a limitation in reducing the fuel consumption per unit running distance over a period, in which the engine is driven, 
including a stop of the vehicle. 

45 SUMMARY OF THE INVENTION 

[0010] In view of the foregoing, the present invention has been made, and a first object of the present invention is to 
provide a transmission capable of realizing a continuously variable transmission function using motors, and enhancing 
the transmission efficiency by minimizing a loss in electric energy. 
so [001 1] A second object of the present invention is to provide a vehicle using the above transmission, which is capable 
of reducing the fuel consumption per unit running distance. 

[0012] A third object of the present invention is to provide a bicycle capable of reducing fatigue of a driver. 
[0013] The above first object can be achieved by provision of a transmission including: a mechanism for distributing 
energy of a drive source into a plurality of differential mechanisms; a plurality of motors connected to the plurality of dif- 
55 ferential mechanisms, respectively; and a mechanism for synthesizing energies outputted from the plurality of differen- 
tial mechanisms. 

[0014] The above first object can be also achieved by provision of a transmission including: a plurality of differential 
mechanisms in each of which a difference in the number of rotation between an input shaft and an output shaft is con- 
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trolled by a motor; wherein the input shafts of the plurality of differential mechanisms are taken as a common shaft, and 
the output shafts of the plurality of differential mechanisms are taken as a common shaft. 

[001 5] Gear ratios between the common input shaft and the common output shaft of the plurality of differential mech- 
anisms are preferably set at different values. This makes it possible to provide a system capable of enhancing the effi- 
5 ciency. 

[001 6] The second object can be achieved by provision of a vehicle including: an engine for generating a drive force 
for driving a vehicle; first and second planetary gears each of which is composed of a sun gear, a planetary element, 
and a ring gear; and first and second motors for controlling the sun gears of the first and second planetary gears, 
respectively; wherein one of the planetary element and the ring gear of each of the f irst and second planetary gears is 
w connected to an input shaft driven by the engine and the other is connected to an output shaft for driving a vehicular 
body. 

[0017] The third object can be achieved by provision of a bicycle including: first and second differential mechanisms 
each of which includes an input shaft driven by a driver and an output shaft composed of wheels; and first and second 
motors for controlling the first and second differential mechanisms, respectively. 

75 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] 

20 Fig. 1 is a conf iguration view showing one embodiment in which the present invention is applied to a hybrid car of 
a type in which the transmission function is realized using two planetary gears each having a sun gear controlled 
by a motor; 

Fig. 2 is a flow chart showing the outline of a control method for driving the hybrid car shown in Fig. 1 ; 
Fig. 3 is a drive force-vehicular speed characteristic diagram showing a range of operational points for determining 
25 an ideal mode to be operated on the basis of the existing drive state; 

Fig. 4 is a state transition diagram showing a transition method between operational modes upon drive of the hybrid 
car shown in Fig. 1 ; 

Fig. 5 is a flow chart showing a method of controlling ordinary modes shown in Fig. 2; 
Fig. 6 is a flow chart showing a method of controlling shift modes shown in Fig. 2; 
30 Figs. 7(a) to 7(e) are Torque-speed characteristic diagrams showing the flows of energies and relationships among 
the speed and torque for an engine, motor and planetary gears when the vehicle is driven with the increased gear 
ratio under a CVT mode; 

Figs. 8(a) to 8(e) are Torque-speed characteristic diagrams showing the flows of energies and relationships among 
the speed and torque for the engine, motor and planetary gears when the vehicle is driven with the decreased gear 
35 ratio under the CVT mode; 

Figs. 9(a) to 9(b) are Torque-speed characteristic diagrams showing methods of changing the operational point of 
an engine for charging a battery and assisting the motor drive by the energy of the battery while driving the vehicle 
under the CVT mode, respectively; 

Fig. 10 is a flow chart showing operations performed in the case where a motor fails; 
40 Fig. 1 1 is a configuration diagram showing another embodiment of the hybrid car in which the gear configuration is 
different from that shown in Fig. 1 ; 

Fig. 12 is a configuration diagram showing a further embodiment of the hybrid car including two planetary gears in 
which a gear ratio between the input and output sides of one planetary gear is the same as a gear ratio between 
the input and output sides of the other planetary gear; 
45 Fig. 13 is a configuration diagram showing one embodiment in which the present invention is applied to a bicycle; 
and 

Fig. 14 is a configuration diagram showing another embodiment in which the present invention is applied to a bicy- 
cle including a drive system without use of any chain. 

so DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 9] Hereinafter, one embodiment of the present invention will be described with reference to Fig. 1 
[0020] Hg. 1 shows a car of a type in which a vehicular body is driven by rotating tires 3a and 3b via a drive shaft 2 
using energy of an engine 1 . Planetary gears A4 and B6, which are essential composing elements of the present inven- 
55 tion. are composed of a combination of a sun gear 4s. a planetary element 4p and a ring gear 4r, and a combination of 
a sun gear 6s, a planetary element 6p and a ring gear 6r, respectively. The sun gears 4s and 6s are driven by motors 
A8 and B9 controlled by power converters 10 and 1 1 , respectively. A battery 12 is used for supplying energy required 
for these motors A8 and B9 or storing energy generated by the motors A8 and B9. The planetary elements 4p and 6p 
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are both fastened to the same input shaft, so that a drive torque of the engine 1 is distributed into the planetary gears 
A4 and B6. On the output sides of the ring gears 4r and 6r are arranged gears having different gear ratios. To be more 
specif ic, a gear 5 having a large gear ratio and a gear 7 having a small gear ratio are arranged on the output sides of 
the ring gears 4r and 6r, respectively. These gears 5 and 7 are connected to the common output shaft, so that output 

5 torques xva and xvb outputted from the planetary gears A4 and B6 are synthesized into a vehicle drive torque xv at the 
common output shaft. With this configuration, the vehicle can be accelerated/decelerated as required by a driver. Also 
the vehicle drive torque xv and an engine speed coe can be adjusted by driving the sun gears 4a and 6s under control 
of motor toques xa and xb and motor speeds ©a and cob of the motors A8 and B9 using the power converters 1 0 and 1 1 . 
[0021] Next, a basic operational method for controlling the engine 1 and motors A8 and B9 shown in Fig. 1 will be 

10 described using a flow chart shown in Fig. 2. At step 101 shown in Fig. 2, inputted are operational commands deter- 
mined by a driver, for example, an accelerator actuated amount Xa, a fcrake actuated amount Xb, and a changeover 
signal Xc indicating a forward, backward, or neutral mode; and also a vehicular speed cov, a charging state of the battery 
12, a temperature of each portion, and a vehicular state. At step 102, a drive force command value xr of the vehicle is 
calculated on the basis of the above inputted values. Then, at step 103, a reference operational mode Mref indicating 

is an ideal operating method is determined on the basis of the vehicle drive force command value xr and the vehicular 
speed cov. 

[0022] For example, as shown in Fig. 3, upon running of the vehicle at a low vehicular speed cov or upon backward 
movement of the vehicle, a motor drive mode is selected in which the engine 1 is stopped and the vehicle is driven only 
by the motors A8 and B9. In Fig. 3, a region other than the motor drive mode shown by hatching involves a first speed 

20 mode, a second speed mode, and a CVT mode in each of which the engine 1 is started and the vehicle is driven using 
a drive force of the engine 1 . When the vehicular speed cov is low and a drive force is required, the first speed mode for 
controlling the speed-change ratio at a value equivalent to a low gear ratio is selected. When the vehicular speed cov is 
medium or more and the necessary toque is low, the second speed mode capable of enhancing the engine efficiency 
is selected. When the vehicular speed cov is medium or more and a high torque is required, the CVT mode capable of 

25 obtaining a high toque drive force by adding the drive torque of the motor is selected. In addition, when the drive force 
command value xr is negative, the CVT mode may be desirably selected in order to store regenerative energy in the 
battery 12 using the motors A8 and B9 as generators. 

[0023] Incidentally, the operational modes shown in Fig. 3 are not necessarily fixed but can be suitably changed 
depending on the charging state or the temperature of the battery 12. The actual operational mode M is determined on 

30 the basis of the existing operational mode and the reference operational mode Mref obtained in accordance with the 
above manner. For example, even if the reference operational mode Mref becomes the first speed mode in a state in 
which the vehicle is driven under the motor drive mode, since the engine 1 cannot be rapidly driven, an operation for 
starting the engine 1 must be performed. Further, if the start-up/stop of the engine 1 is excessively repeated, the fuel 
consumption is rather increased. Accordingly, when the engine 1 is started or stopped under a new operational mode 

35 changed from the previous one, an operation for keeping the new operational mode for a specific period of time is per- 
formed. The calculation taking the above specific operations into account is performed at step 103, to thus determine 
the operational mode M on the basis of the existing operational mode and the reference operational mode Mref. 
[0024] At step 104, it is judged whether the operational mode M is the ordinal mode shown in Fig. 3 or a shift mode 
for changing an operational mode to another one. On the basis of the judgement, the process goes on to step 1 05 at 

40 which the operation under the ordinary mode is performed or to step 106 at which the operation under the shift mode 
is performed. 

[0025] Fig. 4 shows a state transition diagram representative of the state transition of the operational mode M. The 
ordinary modes involve the motor drive mode, first speed mode, second speed mode, and CVT mode. The shift modes 
involve an engine start mode and a fastening device B release mode. A key-off mode represents a state in which the 

45 key is turned off. If the key is turned on, the key-off mode is changed into the vehicle start mode in which each controller 
is turned into a controllable state. After the operation for starting all of the controllers is completed, the vehicle start 
mode is changed into the motor drive mode in which the motor A8 and B9 are rotated by operating an accelerator by a 
driver and the vehicle is turned into a drivable state. When the vehicular speed cov becomes a medium speed or more, 
or a large drive force is required, it is necessary for changing the motor drive mode into either of the first speed mode, 

so second speed mode, and CVT mode. At this time, the motor drive mode is changed, via the engine start mode for start- 
ing the engine, which is one of the shift modes, into a specific ordinary mode in which the vehicle is driven using the 
drive force of the engine. The change between the f irst speed mode, second speed mode and CVT mode can be basi- 
cally performed not by way of any shift mode; however, in this embodiment adopting a fastening manner to be described 
later, there is used a method in which the second speed mode is changed into another ordinary mode by way of the 

55 fastening device B release mode which is one of the shift modes. In addition, if there occurs any failure, the operational 
mode is changed into a fail mode associated with the failure, in which an operation suitable for coping with the failure is 
performed. Further, when the key is turned off, an operation for safely stopping the vehicle is performed, and thereafter 
the control is stopped under the key-off mode. 
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[0026] Next, the operation under each of the ordinary modes shown in Fig. 2 will be described in detail with reference 
to Fig. 5. For an easy understanding of the description, there are shown the following equations 1 to 10 given in the sys- 
tem configuration shown in Fig. 1 . 



©e = kpeoa + kaoov 


[Equation 1] 


coe = kpcob + kbcov 


[Equation 2] 


xe = xea + xeb 


[Equation 3] 


xv = xva + xvb 


[Equation 4] 


xea = xa/kp = xva/ka 


[Equation 5] 


xeb = xb/kp = xvb/kb 


[Equation 6] 


Pe = Pea + Peb 


[Equation 7] 


Pv = Pva + Pvb 


[Equation 8] 


Pea = Pa + Pva 


[Equation 9] 


Peb = Pb + Pvb 


[Equation 10] 



25 [0027] In the above equations, coe, cav, ©a and cob designate the engine speed, vehicular speed, motor A speed, and 
motor B speed, respectively; xe. xea, xeb. xa. xb. xv. xva, and xvb designate the engine torque, planetary gear A shared 
engine torque, planetary gear B shared engine torque, motor A torque, motor B torque, vehicular torque, planetary gear 
A shared vehicular torque, and planetary gear B shared vehicular torque, respectively; and Pe. Pea, Peb. Pa. Pb, Pv, 
Pva, and Pvb designate the engine power, planetary gear A shared input power, planetary gear B shared input power, 

30 motor A power, motor B power, vehicle drive power, planetary gear A output power, and planetary gear B output power, 
respectively. In addition, the relationship between the constants Ka and Kb associated with the gear ratios is given by 
the following equation. 

Ka > kb [Equation 11] 

35 

[0028] This means that the gear ratio between the input side and output side of the planetary gear A is larger than 
the gear ratio between the input side and output side of the planetary gear B. 

[0029] As described above, the ordinary modes involve the four operational modes, and at step 1 1 1 shown in Fig. 5, 
the operational mode M is discriminated. 

40 [0030] In the case of the motor drive mode, operations in steps 1 12, 1 13 and 1 14 are performed. At step 1 12, in 
accordance with the equation 2, the motor B speed cob is controlled in such a manner that the engine speed toe 
becomes zero while the vehicular speed gov is kept constant. At step 1 13, the vehicle drive torque xv is controlled by 
controlling the motor A torque xa. At this time, the torque control is performed in such a manner that, with xe = 0 in the 
equation 3. the vehicle drive torque xv is determined in accordance with the equations 4, 5 and 6. 

45 [0031 ] From the equation 1 1 , to satisfy the relationship of xv > 0, the vehicle is usually driven in such a manner that 
the motor A is in the power-running state and the motor B is in the power generating state. Of course, at step 1 14, an 
operation for continuously stopping the control of the engine is performed. 

[0032] In the case of the first speed mode, an operation for controlling the motor A speed ©a into zero is performed 
at step 115 and an operation for stopping the control of the motor B is performed at step 116. With these operations. 

so the motor A is turned into an electrically locked state and the motor B is turned into a free-run state, and thereby the 
planetary gear A4 having the large gear ratio between the input side and the output side is driven by the engine 1 in a 
state in which the sun gear 4s of the planetary gear A4 is fixed. That is to say. the speed-change ratio in the first speed 
mode is equivalent to a low gear ratio of a usual manual transmission, and accordingly, the engine torque xe can be 
increased in the first speed mode. Thus, by controlling the engine at step 1 1 7, the vehicle drive torque can be controlled 

55 into a necessary value. Further, in the first speed mode, the input/output of energy to/from both the motors A8 and B9 
is not performed, so that it is possible to minimize a loss in electric energy. 

[0033] In the case of the CVT mode, the motor A torque xa is controlled at step 1 1 8; the motor B speed cob is control- 
led at step 1 1 9; and the power of the engine 1 is controlled by controlling the engine 1 at step 120, to thus realize the 
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continuously variable transmission function. In addition, the operation under the CVT mode will be described in detail 
later with reference to Figs. 7 to 9. 

[0034] In the case of the second speed mode, operations in steps 121 to 126 are performed. First, at step 121 , it is 
judged whether or not the motor B speed cob becomes zero. If no, at step 122, an operation for controlling the motor B 

5 speed cob into zero is performed. Meanwhile, at step 123, the control of the motor A is stopped, that is, the motor A is 
turned into a free-run state. With this control, reversely to the first speed mode, the sun gear 6s of the planetary gear 
B6 having the small gear ratio between the input side and the output side is fixed, and accordingly, in the second speed 
mode, the speed-change ratio is equivalent to a high gear ratio of a usual manual transmission. By controlling the 
engine in such a state at step 124, the engine 1 is always driven in a high torque region. That is to say, in the second 

10 speed mode, the highly efficient operation of the engine 1 is made possible. At this time, like the first speed mode, the 
input/output of energy to/from both the motors A8 and B9 is not performed, so that it is possible to minimize a loss in 
electric energy. 

[0035] In addition, at step 121 , if it is judged that the motor B speed cob is zero, the process is jumped to step 1 25 at 
which a fastening device B13 is turned on to mechanically lock the sun gear 6s. Next, at step 126, the control of the 

15 motors A8 and B9 is stopped. Then, the process goes on to the above-described step 124 at which the drive force of 
the vehicle is controlled by controlling the engine. With these operations, it is possible to eliminate a loss in electric 
energy generated by a current flowing when the motor B9 is electrically locked, and hence to further reduce the fuel 
consumption of the vehicle. In the case where the vehicle is driven by the engine 1 , the vehicle is driven under the sec- 
ond speed mode for a long period of time excluding the accelerating operation, so that the prevention of the loss in elec- 

20 trie energy in the second speed mode greatly contributes to the reduction in the fuel consumption. 

[0036] Next, the shift modes for changing an ordinary mode to another one will be described with reference to Fig. 6. 
[0037] The shift modes involve the engine start mode and the fastening device B release mode. At step 131, it is 
judged whether the shift mode is the engine start mode or the fastening device B release mode. In the case of the 
engine start mode, operations in steps 132 to 135 are performed, and in the case of the fastening device B release 

25 mode, operations in steps 136 to 139 are performed. 

[0038] By way of the engine start mode, the motor drive mode which is one of the ordinary modes is changed into 
another ordinary mode in which the engine 1 is driven. First, at step 132, the speeds of the motors A8 and B9 are con- 
trolled. From the equations 1 and 2, the following equations 12 and 13 are given. 

30 cov a kp (a>a-cob)/(ka-kb) [Equation 1 2] 

coe = kp (ka©b-kbcoa)/(ka-kb) [Equation 13] 

[0039] The engine 1 is gradually accelerated while the vehicular speed cov is controlled to be kept at the existing value 
35 in accordance with the equations 12 and 13. With this control, the engine speed coe can be increased up to a specific 
engine start speed without occurrence of any variation in vehicular torque due to start-up of the engine. As is apparent 
from the equations 12 and 13, the above control is not dependent on the magnitude of the vehicular speed cov and the 
engine 1 can be started even in the stop state or running state. In this way, although the vehicle in this embodiment is 
of a clutchless type, the engine can be usually started or stopped while preventing occurrence of shock due to start-up 
40 of the engine. Next, at step 133. it is judged whether or not the speed of the engine 1 reaches a specific engine start 
speed. If no, at step 135, the control of the engine is left as stopped. If the engine speed sufficiently reaches the engine 
start speed, at step 134, the control of the engine is started, to complete the change from the motor drive mode into an 
ordinary mode in which the drive of the engine 1 is controlled. 

[0040] The fastening device B release mode is performed to change the second speed mode into another mode as 
45 shown in the state transition diagram of Fig. 4. First, at step 136, the fastening device B is turned off, to release the 
mechanical locking state of the sun gear 6s. At step 137, the motor B speed cob is controlled into zero. With this control, 
it is possible to prevent a variation in vehicle drive torque xv due to release of the fastening device B. At step 138, the 
control of the motor A is left as stopped. And, at step 139, the vehicle drive torque xv is controlled by controlling the 
engine. That is to say, by carrying out the same control as that in the second speed mode with the fastening device B 
so released, it is possible to prevent occurrence of shock due to the change in operational mode. 

[0041] In addition, in the case where two ordinary modes are directly changed to each other not by way of the shift 
mode, the method of controlling the motor is possibly changed, and accordingly, upon the change in operational mode, 
the initial value of the control in the new mode may be matched with the associated value of the control in the previous 
mode. This is effective to prevent a variation in torque due to the change in operational mode. 
55 [0042] Next, it will be described in detail how to realize the continuously variable transmission function in the above- 
described CVT mode by the system configuration shown in Fig. 1 with reference to the flows of energies shown in Figs. 
7 and 8. In these figures, it is assumed that the constant ka = 2 and the constant kb = 0.5. Accordingly, the gear ratio in 
the first speed mode becomes 2, and the gear ratio in the second speed mode becomes 0.5. And. the operation under 
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the CVT mode for obtaining an arbitrary speed varying ratio in the intermediate region between the above ratios, that 
is, between 0.5 to 2 will be described below. 

[0043] Figs. 7(a) to 7(e) are torque-speed characteristic diagrams illustrating operational points of the engine, vehicle, 
and planetary gears A and B in the case where the speed varying ratio is set in a range of 0.5 to 1 .0. As shown in Fig. 

5 7(a), in the case where with respect to an operational point X of the engine, an operational point O of th® vehicle to be 
driven is offset on the lower speed/higher torque side (upper left side in the figure), the planetary gear A input power 
Pea and the planetary gear B input power Peb are distributed from the engine power Pe into the planetary gears A4 and 
B6, respectively. The input speed of the planetary gear A4 is the same as that of the planetary gear B6 because both 
the planetary gears A4 and B6 are connected to the common input shaft. Accordingly, the above respective powers 

10 inputted in the planetary gears A4 and B6 are determined by dividing the engine torque xe into the planetary gear A 
shared engine torque tea and the planetary gear B shared engine torque x eb. In addition, the above divided ratio of 
the power is determined not by only control of one motor but by the entire energy balance. The operational point □ of 
the input side of the planetary gear A shown in Fig. 7(b) is determined by adding the motor A power Pa inputted by drive 
of the sun gear 4s using the motor A8 to the planetary gear A input power Pea inputted from the engine. Since the 

is input/output of the energy is carried out by increasing/decreasing the speed of the planetary gear, the additional energy 
is indicated in the abscissa (in the direction of speed) in Fig. 7(b). As shown in Fig. 7(c), on the output side of the plan- 
etary gear A4, the speed is reduced depending on the gear ratio ka = 2, so that the vehicular speed <ov becomes one- 
half the value kacov, and the planetary gear A shared vehicular torque xva becomes twice the planetary gear A shared 
engine torque xea. That is to say, the operational point d is changed into an operational point a. 

20 [0044] Similarly, Fig. 7(d) shows the flow of the energy of an operational point a on the input side of the planetary gear 
B. The motor B9 is operated to reduce its speed on the output side, by the sun gear 6s to which the planetary gear B 
input power Peb is applied, and therefore, the motor B9 is turned into a power generating state. Accordingly, the oper- 
ational point □ is moved for a value equivalent to the motor B power Pb, that is, moved to a position shown in Fig. 7(d). 
On the output side of the planetary gear B6, the speed of the planetary gear B6 is increased depending on the gear 

25 ratio kb = 0.5, and accordingly, as shown by the change from the operational point o into an operational point a in Fig. 
7(e). the vehicular speed ©v becomes twice, and the planetary gear B shared vehicular torque xvb becomes half. The 
vehicular torque xv is the total of the planetary gear A shared vehicular torque xva and the planetary gear B shared 
vehicular torque xvb, and therefore, the vehicle is operated at an operational point O shown in Fig. 7(a). With this oper. : 
ational principle, the operational point of the engine 1 can be speed-changed in a low speed/high torque region. It is 

30 revealed that the operational point of the vehicle can be freely controlled with the operational point of the engine 1 kept 
constant by controlling the power of each motor. Also by matching the absolute value of the power Pa driven by the 
motor A with the absolute value of the power Pb generated by the motor B, it is possible to eliminate the necessity of 
the operation of charging/recharging the battery 1 2 and hence to make smaller the capacity of the battery. This is effec- 
tive to reduce the weight of the vehicle. In addition, the first speed mode is equivalent to a mode in which the motor A 

35 speed coa is zero and the motor B torque xb is zero in Figs. 7(a) to 7(e). That is to say, the first speed mode may be 
considered as a special case of the CVT mode. 

[0045] Figs. 8(a) to 8(e) are torque-speed characteristic diagrams showing operations of the engine, vehicle, and 
planetary gears A and B in the case where the speed varying ratio is set in a range of 1 to 2. Fig. 8(a) shows an oper- 
ational principle in the case where an operational point X of the engine is speed-changed into an operational point O 

40 of the vehicle. Operational points of the planetary gear A on the input and output sides shown in Figs. 8(b) and 8(c) are 
shifted to the higher speed/lower torque sides as compared with those shown in Figs. 7(b) and 7(c), respectively. The 
motor A8 is driven at a high speed and with a low torque. On the contrary, as shown in Figs. 8(d) and 8(e), the opera- 
tional points of the planetary gear B on the input and output sides are set such that the motor B speed <ob is smaller 
and the motor B torque xb is larger as compared with those shown in Figs. 7(d) and 7(e), respectively. In the second 

45 speed mode, the motor A torque xa is zero and the motor B speed cob is zero, and accordingly, it is possible to attain 
the continuously variable transmission function by controlling the motors A and B in a region from the first speed mode 
to the second speed mode. With this configuration, since the control with the minimum gear ratio is performed in an 
ordinary low torque operation, the engine 1 can be driven at the high torque/high efficient operational point, and also if 
a high torque is required, the mode is rapidly changed into the CVT mode, with a result that there can be obtained a 

so comfortable driving characteristic. 

[0046] Figs. 9(a) and 9(b) show examples in each of which the operational point of the engine is changed for control- 
ling the vehicle in such a manner as to realize a high output hybrid car making effective use of the battery 12 mounted 
on the vehicle. Fig. 9(a) is a characteristic diagram obtained when the operational point X of the engine shown in Fig. 
7(a) is changed from a point X to a point Y When the motors A and B are controlled with an operational point O of the 

55 vehicle kept constant, the energy generated by the engine 1 becomes excessive, with a result that the power Pa of the 
motor A necessary for driving the vehicle is reduced and the absolute value of the power Pb of the motor B for gener- 
ating electric energy is increased. The excess energy thus obtained by high efficient drive of the engine 1 is charged in 
the battery 12. 
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[0047] Fig. 9(b) shows the example in which the operational point of the engine is changed for making effective use 
of energy stored in the battery 1 2. In this example, the operational point X of the engine shown in Fig. 8(a) is changed 
from a point U to a point V by reducing the output of the engine with the operational point O of ^ vehicle kept con- 
stant. Concretely, to change the operational point X of the engine from the point U to the point V, the motor A speed ©a 
5 is increased to make large the motor A power Pa and the motor B speed cob is decreased to make small the generated 
power. This means that the drive force of the engine is relatively assisted by the drive force of the motor. Actually, by 
controlling the input/output power of the battery such that the engine is driven at an operational point being good in fuel 
consumption, it is possible to reduce the fuel consumption. 

[0048] Fig. 1 0 is a flow chart showing an operational procedure performed when either of the two motors fails. At step 

10 141 , it is judged whether at least one of the two motors is normally controllable or both the motors fail. If there exists a 
normally operable motor, the process goes on to step 142, and if both the motors fail, the process goes on to step 148. 
In the case where at least one of the motors is normally controllable, at step 1 42, it is judged whether or not the engine 
1 is on rotation. If no, the engine 1 is started by performing operations in steps 142 to 145, and then the drive of the 
vehicle is controlled using the engine 1 and the normally controllable motor by performing operations in steps 146 and 

15 147. If it is judged that the engine 1 is on rotation at step 142, operations in steps 146 and 147 may be performed. 
[0049] At step 143, the running state of the vehicle is judged on the basis of the vehicular speed cov. If the vehicle is 
not on running, the process goes on to step 144 at which an operation for locking the tires 3a and 3b is performed to 
leave the vehicle as stopped. This operation can be carried out by providing a fastenable/openable braking device and 
automatically controlling the braking device using a controller, or providing an alarm means of informing a driver of the 

20 vehicular state, and allowing a driver to judge actuation of the brake in accordance with an instruction supplied from the 
alarm means. At step 145, the engine speed ©e is increased up to the start-up speed of the engine 1 by increasing the 
speed of the normally controllable motor. In the stop of the vehicle, since the vehicle is locked at step 1 44, the vehicle 
is prevented from being moved backward by the reaction. Further, during running of the vehicle, the engine 1 can be 
started by increasing the motor speed in accordance with the vehicular speed cov. At this time, although a negative 

25 torque is slightly applied to the vehicle by the reaction against the force for starting the engine 1 , the drivability is not 
reduced because the inertia of the vehicular body is very larger than that of the engine 1 . In this way, when the engine 
speed coe reaches the start-up speed, the engine 1 can be driven by controlling the engine, for example, through fuel 
injection control or throttle control. By controlling the speed of the normally drivable motor at step 1 46. the engine speed 
coe of the engine 1 can be controlled at a specific value. Further, since the vehicular torque xv can be controlled by con- 

30 trolling the engine, even if one motor fails, the running of the vehicle is made possible. In addition, since the assisting 
time and power of the motor are limited depending on the energy stored in the battery 12, the operating method is 
sometimes limited by the vehicular speed cov. 

[0050] At step 141 , if it is judged that there is no normally controllable motor, operations in steps 1 48 to 1 51 are per- 
formed. First, at step 148, it is confirmed whether or not the engine 1 is on rotation. If yes, the engine control is per- 

35 formed at step 1 49, and the on-off control of the fastening device B1 3 is performed at step 1 50 for preventing the engine 
1 from being stopped. In the case where the engine 1 is not stopped, for example, when the vehicular speed cov is a 
medium speed or more, it is desirable to turn on the fastening device B1 3 to lock the sun gear 6s. 
[0051] If the engine 1 is not on rotation, the vehicle cannot be driven. In this case, at step 1 51 , an operation of turning 
on a fail lamp is performed. With these operations, since the vehicle can be driven somewhat even in the case where 

40 the motors fail, it is possible to enhance the reliability of the vehicle. 

[0052] In this embodiment, the vehicle can be usually driven in such a region that the input/output of electric energy 
is minimized and the engine efficiency is maximized, and consequently, it is possible to significantly reduce the fuel con- 
sumption. Also, since the function comparable to that of a continuously variable transmission can be obtained by con- 
trolling the two motors in co-operation with each other, it is possible to realize a car capable of preventing occurrence 

45 of shock due to transmission. 

[0053] Fig. 1 1 shows another embodiment of the hybrid car different from that shown in Fig. 1 in the configuration of 
the system such as gears. In this system, a capacitor 14 is used in place of the battery 12. Since the power per unit 
weight of the capacitor 14 can be made larger than that of the battery 12, the weight of the energy storing device 
mounted on the vehicle can be significantly reduced. This is effective to reduce the weight of the vehicle and hence to 

so further improve the fuel consumption per unit running distance. In addition, since the energy density of the capacitor is 
smaller than that of the battery, the input/output of the energy of the capacitor 14 may be controlled to be smaller than 
that of the battery 12 of the embodiment shown in Fig. 1 . 

[0054] This embodiment is also different from the embodiment shown in Fig. 1 in that fastening devices 17, 18 and 
19 are provided on rotating portions of the engine 1, motor A8 and the vehicle driving shaft; and the gears 5 and 7. 
55 shown in Fig. 1 , for making different the gear ratio between the planetary gear A4 and the gear 5 from the gear ratio 
between the planetary gear B6 and the gear 7, are changed into gears 15 and 16. 

[0055] The fastening devices 1 7, 1 8 and 1 9 have the following functions. First, the fastening device 1 7 is used for stop- 
ping the rotation of the engine 1 . In the case where the vehicle is not driven using the engine 1 , the fastening device 17 
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is turned on for fastening the engine 1 . When the control under the motor drive mode is performed in such a state, since 
it is not required to control the speeds of the motors A8 and B9 in co-operation with other for controlling the engine 
speed ooe into zero, the vehicular torque xv may be controlled by either or both of the motors. That is to say, it is possible 
to significantly simplify the method of controlling the motors. Further, in the embodiment shown in Fig. 1, if both the 
5 motors are controlled in co-operation with each other, one motor is turned into the driving state and the other motor is 
turned into the power generating state, so that the input/output electric energy becomes large; however, in this embod- 
iment, the minimum electric energy necessary for driving the vehicle may be utilized, so that the loss in electric energy 
can be further reduced. 

[0056] In addition, the fastening device 1 7 may be configured as a one-way clutch. In the case of using the one-way 
10 clutch as the fastening device 1 7, even if a torque acting to rotate the engine 1 in the reversed direction occurs during 
stoppage of the engine 1 , the stopping state of the engine 1 can be automatically held by the one-way clutch as the fas- 
tening device 1 7. This is advantageous in eliminating the necessity of controlling the fastening device 1 7. 
[0057] The fastening device 18 is used for locking the motor A8. In the first speed mode, the fastening device 18 is 
turned on after the motor A speed ©a is controlled into zero. Then, the control of the motor A8 is stopped. In this way, 
15 even in the first speed mode, the engine 1 can be driven without use of any electric energy of the motor, it is possible 
to further reduce the fuel consumption. 

[0058] Since the fastening device 19 can be controlled for locking the vehicle, the vehicle locking operation at step 
143 shown in Fig. 10 can be automatically performed using a controller, so that the start-up of the engine when the 
motor fails can be performed without giving any burden to a driver. 
20 [0059] By changing the gears 5 and 7 shown in Fig. 1 into the gears 15 and 16, not only the same effect can be 
obtained but also the configuration from the output of the planetary gears A4 and B6 to the drive shaft 2 is simplified. 
As a result, it is possible to arrange a transmission portion including the motors A8 and B9 around the drive shaft in a 
compact manner, and hence to freely arrange the engine in an engine room of the vehicle although the vehicle is of the 
hybrid type. 

25 [0060] As described above, according to this embodiment, it is possible to further enhance the efficiency of the sys- 
tem. . 
[0061] Fig. 12 is a configuration diagram showing a further embodiment different from the embodiment shown in Fig. 
1. In this system, a gear ratio between the input and output sides of the planetary gear 20 is the same as a gear ratio 
between the input and output sides of the planetary gear 21. In this system, the effect of establishing the first speed 

30 mode and second speed mode by changing the gear ratio is not obtained; however, a new effect can be obtained as a 
parallel-hybrid car. That is to say. in the case where the drive force of the engine 1 is assisted by the motor using the 
energy of the battery 12, when the drive torque for assisting the drive force of the engine 1 is small, only one of the 
motors A8 and B9 may be driven, with a result that the motors can be controlled at the efficient operating points; and 
when the drive torque for assisting the drive force of the engine 1 is more than the capacity of one motor, both the 

35 motors may be used to obtain the drive torque. As a result, it is possible to make compact the system as compared with 
the related art parallel hybrid car. 

[0062] Fig. 1 3 shows an embodiment in which the transmission of the present invention is applied to a bicycle. A trans- 
mission 23 mounted on a body 22 of the bicycle is adapted to vary the speed of a rotational drive force obtained when 
pedals 24a and 24b are actuated by a driver. The rotational drive force thus varied in its speed is transmitted to a tire 

40 25b of a rear wheel via a chain 30, to thereby move the bicycle forward. The transmission 23 is composed of thin motors 
26 and 27 and planetary gears 28 and 29 controlled by the motors 26 and 27. Uke the embodiment shown in Fig. 1 , it 
is possible to realize a first speed mode, second speed mode, and CVT mode by making different a gear ratio between 
input and output sides of the planetary gear 28 from a gear ratio between input and output sides of the planetary gear 
29. And, the motors 26 and 27 are controlled at a speed varying ratio desired by a driver using a speed varying indicator 

45 (not shown), so that the driver enjoys mostly comfortable operation of the vehicle. In this way, according to this embod- 
iment, there can be provided a bicycle having a comfortable drivability. Also, by mounting energy storing device on the 
bicycle, the bicycle can easily climb a sloping road at the optimum speed varying ratio using energy gradually charged 
during running on a down-hill or a flat road. 

[0063] Fig. 14 is a further embodiment in which the rotational direction of a transmission is changed 90° from that in 
so the embodiment shown in Fig. 13. This embodiment is different from the embodiment shown in Fig. 13 in that the 
arrangement direction of a transmission 31 is changed 90° and a drive force is transmitted to the tire 25b via a shaft 37 
in place of the chain 30. The rotational drive force of the pedals 24a and 24b is transmitted to the shaft 36 via a bevel 
gear and is inputted in the transmission 31 . The transmission 31 is composed of motors 32 and 33 and planetary gears 
34 and 35. and it has a transmission function like the previous embodiment; however, the rotational direction of the 
55 transmission is a transverse direction perpendicular to the advancing direction of the bicycle. Since the rotational drive 
force varied in its speed is transmitted to the tire 25b via the shaft 37, it is possible to eliminate the necessity of using 
the chain. This is effective to obtain a bicycle having a good transmission efficiency with a simple structure. In the 
embodiment shown in Fig. 14, since the width of the transmission arranged between the pedals can be made smaller 
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than that in the embodiment shown in Fig. 1 3, the mounting characteristic of the transmission on the bicycle can be also 
enhanced. According to this embodiment, the driver is able to drive the bicycle while stepping the pedals with a lighter 
force. In addition, by arranging the transmission with its rotational shaft in the vertical direction, a gyro effect can be 
given to the transmission, so that the posture of the bicycle can be stabilized. 

5 [0064] In the above-described embodiments, the transmission including the two planetary gears controlled by the 
motors, and the hybrid car and bicycle using the transmission have been described. Additionally, the present invention 
makes it possible to realize a multi-stage (three-stage or more) transmission by use of three pieces or more of planetary 
gears. In the above embodiments, there is described the method in which the motor mainly controls the sun gear of the 
planetary gear; however, there can be adopted a method in which the motor controls another gear. Further, for example, 

10 there can be adopted an asymmetric configuration in which the sun gear of one planetary gear is controlled by the 
motor and the planetary element of the other planetary gear is controlled by the motor. While the planetary gear is used 
as the differential mechanism in the above embodiments, it can be replaced with a general differential gear, and further 
it may be replaced with a harmonic gear by putting emphasis on the stillness. Further, the present invention can be of 
course applied not only to cars but also to ships and railcars. 

15 [0065] According to the present invention, there is provided a transmission including: a mechanism for distributing 
energy of a drive source into a plurality of differential mechanisms; a plurality of motors connected to the plurality of dif- 
ferential mechanisms, respectively; and a mechanism for synthesizing energies outputted from the plurality of differen- 
tial mechanisms, or a transmission including: a plurality of differential mechanisms in each of which a difference in the 
number of rotation between an input shaft and an output shaft is controlled by a motor; wherein the input shafts of the 

20 plurality of differential mechanisms are taken as a common shaft, and the output shafts of the plurality of differential 
mechanisms are taken as a common shaft. The transmission having the above configuration makes it possible to real- 
ize the continuously variable transmission function using the motors, and to enhance the efficiency by minimizing a loss 
in electric energy. 

[0066] According to the present invention, there is also provided a vehicle including: an engine for generating drive 
25 energy for driving a vehicle; first and second planetary gears each of which is composed of a sun gear, a planetary ele- 
ment, and a ring gear; and first and second motors for controlling the sun gears of the first and second planetary gears, 
respectively; wherein one of the planetary element and the ring gear of each of the first and second planetary gears is 
connected to an input shaft driven by the engine and the other is connected to an output shaft for driving a vehicular 
body The vehicle having the above configuration makes it possible to realize a continuously variable transmission func- 
30 tion capable of transmitting a drive torque by the mechanical gears without use of electric energy except for acceleration 
and usually drive the engine at a high efficient operational point, and hence to reduce the fuel consumption per unit run- 
ning distance. 

[0067] According to the present invention, there is also provided a bicycle including: first and second differential mech- 
anisms each of which takes a drive force generated by a driver as an input force and takes a drive force for driving a 
35 wheel as an output force; and first and second motors for controlling the first and second differential mechanisms, 
respectively. The bicycle having the above configuration makes it possible to reduce fatigue of a driver during running 
of the bicycle. 

Claims 

40 

1 . A transmission comprising : 

a mechanism for distributing energy of a drive source into a plurality of differential mechanisms; 
a plurality of motors connected to said plurality of differential mechanisms, respectively; and 
45 a mechanism for synthesizing energies outputted from said plurality of differential mechanisms. 

2. A transmission comprising: 

a plurality of differential mechanisms in each of which a difference in the number of rotation between an input 
so shaft and an output shaft is controlled by a motor; 

wherein said input shafts of said plurality of differential mechanisms are taken as a common shaft, and said 
output shafts of said plurality of differential mechanisms are taken as a common shaft. 

3. A vehicle comprising : 

55 

an engine for generating drive energy for driving said vehicle; and 

a transmission for changing the speed of rotation of said engine and transmitting the rotational drive force thus 
speed-changed to a wheel; 
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said transmission comprising: 

first and second differential mechanisms each of which takes at least a drive force generated by said engine 

as an input force and takes a drive force for driving said wheel as an output force; and 

first and second motors for controlling said first and second differential mechanisms, respectively. 

5 

4. A vehicle comprising: 

an engine for generating drive energy for driving said vehicle; 

first and second planetary gears each of which is composed of a sun gear, a planetary element, and a ring 
io gear; and 

first and second motors for controlling said sun gears of said first and second planetary gears, respectively; 
wherein one of said planetary element and said ring gear of each of said first and second planetary gears is 
connected to an input shaft driven by said engine and the other is connected to an output shaft for driving a 
vehicular body. 

15 

5. A vehicle according to claim 3 or 4, further comprising energy storing means for storing energy for driving said first 
and second motors. 

6. A vehicle according to claim 5, wherein a gear ratio between said common input shaft and said common output 
20 shaft of said first differential mechanism is larger than a gear ratio between said common input shaft and said com- 
mon output shaft of said second differential mechanism. 

7. A vehicle according to claim 5, wherein said engine is started by controlling said first and second motors using the 
energy of said energy storing means. 

25 

8. A vehicle according to claim 6, wherein said engine is started with a vehicular speed kept constant by controlling 
said first and second motors. 

9. A vehicle according to claim 6, wherein said vehicle is driven with said engine stopped by controlling said first and 
30 second motors. 

10. A vehicle according to claim 6, wherein said vehicle has a first operational mode in which said first motor is locked 
and said second motor is turned into a free-run state when said vehicle is driven by said engine, and a second oper- 
ational mode in which said first motor is turned into a free-run state and said second motor is locked when said 

35 vehicle is driven by said engine. 

1 1 . A vehicle according to claim 1 0, wherein said second motor comprises a fastening means for mechanically fasten- 
ing said second motor. 

40 12. A vehicle according to claim 10, wherein each of said first and second motors comprises a fastening means for 
mechanically fastening said motor. 

1 3. A vehicle according to claim 1 1 or 1 2. wherein when the operational mode of said vehicle is changed into said first 
or second operational mode, said fastening means mechanically fastens a shaft of said f irst or second motor after 

45 said motor is electrically locked. 

14. A vehicle according to claim 6, wherein when said vehicle is driven by said engine, said first motor is turned into a 
power-running state, and said second motor is turned into a power-running or regenerative state. 

so 1 5. A vehicle according to claim 6, wherein when said vehicle is driven by said engine, said first motor is turned into a 
power-running state using energy generated by said second motor. 

16. A vehicle according to claim 3 or 4, wherein when said first or second motor becomes uncontrollable, said vehicle 
is driven by the controllable one of said first and second motors and said engine. 

55 

17. A vehicle according to claim 3 or 4, wherein when it is confirmed upon stop of said vehicle that said first or second 
motor becomes uncontrollable, said engine is started by the controllable one of said f irst and second motors, and 
thereafter said vehicle is driven by controlling said controllable motor and said engine. 



11 

INSDOCID: <EP 093760OA2J_> 



EP 0 937 600 A2 



1 8. A vehicle according to claim 4, wherein a gear ratio between said output side gear and said output shaft of said first 
planetary gear is different from a gear ratio between said output side gear and said output shaft of said second 
planetary gear. 

5 19. A bicycle comprising: 

first and second differential mechanisms each of which takes a drive force generated by a driver as an input 
force and takes a drive force for driving a wheel as an output force; and 

first and second motors for controlling said first and second differential mechanisms, respectively. 

10 

20. A transmission comprising: 

a plurality of differential mechanisms having input shafts taken as a common shaft and output shafts taken as 
a common shaft ; 

is wherein at least one of said plurality of differential mechanisms controls a difference in the number of rotation 

between said common input shaft and said common output shaft by a first motor, and at least one of the others 
of said plurality of differential mechanisms performs torque control by a second motor. 

21 . A transmission comprising: 

20 

a plurality of differential mechanisms having input shafts taken as a common shaft and output shafts taken as 
a common shaft, each of said plurality of differential mechanisms being composed of at least three gear ele- 
ments; and 

a plurality of motors, each of which is connected to a shaft of one. different from those connected to said com- 
25 mon input shaft and said common output shaft, of said at least three gear elements of each of said plurality of 

differential mechanisms. 

22. A vehicle comprising: 
30 an engine; 

first and second planetary gears, each being composed of a sun gear, a planetary element, and a ring gear; 
and 

first and second motors for controlling said sun gears of said first and second planetary gears, respectively; 
wherein one of said planetary element and said ring gear of each of said first and second planetary gears is 
35 connected to an input shaft driven by said engine and the other is connected to an output shaft for driving a 

vehicular body. 

23. A vehicle comprising: 

40 an engine; 

a plurality of differential mechanisms to which a drive force of said engine is inputted; 

a drive mechanism for driving said vehicle by the output of said plurality of differential mechanisms; 

a plurality of motors connected to said plurality of differential mechanisms, respectively; and 

a fastening device for stopping rotation of said engine. 

45 
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CHARGING BATTERY 
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(B) EXAMPLE IN WHICH OPERATIONAL POINT 
OF ENGINE IS CHANGED FOR ASSISTING 
MOTOR USING POWER OF BATTERY 
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FIG. 1 1 
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FIG. 12 
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